Although sequences containing regulatory elements located close to protein-coding genes are often only weakly conserved during evolution, comparisons of rodent genomes have implied that these sequences are subject to some selective constraints. Evolutionary conservation is particularly apparent upstream of coding sequences and in first introns, regions that are enriched for regulatory elements. By comparing the human and chimpanzee genomes, we show here that there is almost no evidence for conservation in these regions in hominids. Furthermore, we show that gene expression is diverging more rapidly in hominids than in murids per unit of neutral sequence divergence. By combining data on polymorphism levels in human noncoding DNA and the corresponding human-chimpanzee divergence, we show that the proportion of adaptive substitutions in these regions in hominids is very low. It therefore seems likely that the lack of conservation and increased rate of gene expression divergence are caused by a reduction in the effectiveness of natural selection against deleterious mutations because of the low effective population sizes of hominids. This has resulted in the accumulation of a large number of deleterious mutations in sequences containing gene control elements and hence a widespread degradation of the genome during the evolution of humans and chimpanzees. 
Introduction
Functionally important sequences are expected to evolve more slowly than neutrally evolving sequences. This is because long periods of selection for functional efficiency lead to sequences in which most advantageous mutations have already become fixed. The majority of new mutations in a sequence are then deleterious, because they perturb the highly adapted state. Studies of protein-coding DNA evolution have supported this expectation by showing that rates of amino acid substitution are substantially lower than rates of synonymous substitution in the majority of genes (e.g., [1] ).
Recently there has been great interest in using sequence conservation to detect functionally important regions of the genome outside of protein-coding sequences. However, detecting conservation has proven difficult because noncoding DNA sequences often appear to be weakly conserved. In mammals, for example, more than 98.5% of the genome is believed to be intron or intergenic DNA [2] , and at least 40% of this is composed of the remnants of transposable element insertions that are presumably decaying in a neutral fashion. Comparisons of the rates of evolutionary divergence between species have revealed evolutionary constraints in certain classes of intergenic DNA, particularly in DNA close to coding sequences [3] , regions in which gene expression control motifs are believed to be prevalent. For example, on the basis of comparisons between rodent genomes, it has been suggested that there are at least as many selectively constrained sites outside, as within, protein-coding sequences [4, 5] . Between mouse and rat, comparisons of rates of evolutionary divergence of non-protein-coding DNA imply that about 17% of sites in the 2 kb upstream and downstream from genes and in first introns are selectively constrained sites [6] . There is also evidence for highly conserved DNA sequences at locations distant from coding sequences [6, 7, 8, 9, 10, 11] .
However, the extent to which constraint in noncoding regions varies among species is unclear. In this paper, we investigate sequence conservation in introns and intergenic DNA in interspecific comparisons of mouse and rat (murids) and human and chimpanzee (hominids). To estimate the levels of constraint in segments of non-protein-coding DNA, we compare the observed numbers of substitutions to the number expected from substitution rates at linked sequences assumed to be neutrally evolving. Unexpectedly, we find that selective constraints are essentially absent in hominids in regions upstream of genes and in first introns, in contrast to murids, in which these regions are subject to moderate levels of constraint.
Results/Discussion Selective Constraints in Hominids and Murids
We investigated the frequency of deleterious mutations and the pattern of sequence conservation in regions containing gene expression control sequences in hominids by compiling a dataset of 1,000 well-annotated, randomly chosen human genes. The genomic sequences upstream and downstream of each coding sequence and samples of their introns were aligned against the draft chimpanzee sequence. We compared the pattern of evolution in these hominid sequences against that in a previously compiled dataset of murid sequences [6] . Numbers of nucleotides sampled and other summary statistics for the sequences are shown in Table 1 . As others have noted previously, intron sequences evolve slightly faster (10%-25%) than 4-fold degenerate synonymous sites, when hypermutable CpG dinucleotides are excluded. (CpG dinucleotides are more frequent in coding sequences than intergenic DNA.) This could imply the presence of selection on synonymous sites [12, 13] . Of the genomic sequences surveyed, intron sequences, other than intron 1, appear to be the fastest-evolving sequences in mammalian genomes and are therefore used as our neutral standard.
We calculated levels of selective constraint in blocks of 500 bp, averaged over loci, using the aligned human-chimpanzee and mouse-rat genome sequence datasets. We corrected our constraint estimates for the decline in GC content that appears to be occurring in most mammalian genomes, including hominids and murids [14] , although this correction made little difference, since the GC content of the flanking regions is similar to that of introns. Because different parts of a sequence can differ markedly in their frequency of CpG dinucleotides, and most CpG dinucleotides are hypermutable and are saturated by nucleotide substitutions between mice and rats, we excluded potentially CpG-prone sites by excluding sites preceded by C or followed by G. Simulation results ( [6] ; D. J. Gaffney and P. D. Keightley, unpublished data) indicated that failure to exclude CpG-prone sites leads to biased estimates of constraint.
Selective constraints in hominid sequences in the regions 6,000 bp upstream and downstream of coding sequences and in the 59 regions of first introns are clearly far lower than in murid sequences (Figures 1 and 2 ). In particular, for the first 2,000 bp of the 59 flanking region and the first 2,000 bp at the 59 end of intron 1, constraint estimates (6 standard error) are 0.0016 (6 0.019) and À0.0029 (6 0.019), respectively, for hominids, and are 0.17 (6 0.016) and 0.16 (6 0.018) for murids ( Table 2 ). The differences in constraint between hominids and murids in these regions are therefore about six times larger than the standard errors of differences between constraint estimates. Constraint is significantly different from zero near the 39 end of hominid coding sequences, but still more than 50% lower than in murids ( Table 2 ). The standard errors for these estimates are very similar in murids and hominids, indicating that we have similar power to detect constraint in the two datasets. Differences in mean levels of constraint between hominids and murids are somewhat smaller if all nucleotide sites (including CpG-prone sites) are analyzed (Table 2 ), but constraint in 59 flanking regions and first introns is still very low in hominids (approximately 0.03) and significantly higher in murids. Such estimates of constraint are likely to be downwardly biased in murids, owing to saturation at CpG dinucleotides, giving an underestimate of the substitution rate in introns. This may be partly offset by the fact that some gene control regions are in unmethylated CpG islands, which would tend to increase estimates of constraint in both hominids and murids.
There are a number of possible explanations for the apparent absence of constraint in hominid 59 flanking and first intron sequences (and for the lower constraint in the 39 flanking region), which we examine below.
Sequencing Errors, Pseudogenes, and Genome Reorganization
Because the mean sequence divergence of hominids is an order of magnitude lower than that of murids, sequencing errors are expected to disproportionally downwardly bias estimates of constraint in hominids. To estimate the extent of sequencing error in our data, we investigated how many conserved intron splice junctions had been mis-sequenced in the chimpanzee-the chimpanzee sequence has been produced and assembled without reference to the human sequence, so this should provide an unbiased estimate of the error rate. We observed 25 differences in 21,048 intronic splice donor/acceptor nucleotides, giving a maximum error rate (e) of 1. 19 3 10 À3 . This is expected to reduce constraint by approximately one-tenth since the relationship between the true level of constraint (C true ) and observed level (C obs ) is C obs = C true /(1 þ e/k), and the human-chimp divergence (k) is approximately 1%. If the true levels of constraint in the 59, 39, and intron 1 sequences closest to hominid genes were 30%, as we find in murids, the observed constraint in hominids would be 27%. Sequencing errors can therefore explain only a small proportion of the difference in constraint between hominids and murids. Further evidence that our data do not have unusually high rates of sequencing errors is that the divergences (see Table 1 ) are very similar to values that have been reported previously [12, 15, 16, 17] . The results are also unlikely to be explained by polymorphism since levels of diversity in hominids are about 0.1% [18] . A second possibility that could explain the differences in constraint between hominids and murids is that our dataset of hominid genes contains large numbers of pseudogenes. However, several lines of evidence argue against this. First, the genes are well annotated and contain no stop codons. Second, the intronic splice donor/acceptor nucleotides are highly conserved. Third, the exons of our gene sample show strong conservation: constraint at second positions of codons estimated in the same manner as for noncoding sequences is 0.750 6 0.013. And finally, a very substantial proportion of genes would have to be pseudogenes to explain our data. For example, to reduce the constraint by one-half would require 50% of the hominid genes to be pseudogenes.
A third possibility is that the lower constraints in hominid 59 flanking and first intron regions could be a consequence of a reorganization of gene regulation such that murids have a concentration of regulatory sequences in 59 regions and in first introns and hominids have regulatory sequences concentrated in introns outside intron 1. However, two lines of evidence suggest that this is unlikely. First, there is remarkable conservation of syntenic blocks [19] and per locus intron/ exon number [4, 5] between murids and human. Second, the vast majority of known mammalian gene expression regulatory regions are situated within 2 kb of promoters [4] .
Adaptive Evolution
The lower level of constraint in hominids could be due to higher rates of adaptive substitution in the 59, 39, and first intron regions in hominids, masking constraint on other sites. If this is the case then we expect reduced nucleotide diversity in the 59, 39, and first intron regions for two reasons. First, the level of diversity in a region is largely determined by the number of effectively neutral mutations, because adaptive substitutions contribute little to polymorphism. This implies that levels of polymorphism will be lower if some sites are subject to constraint. Second, levels of diversity are expected to be lower in regions undergoing adaptive substitution because adaptive substitutions can remove variation by genetic hitchhiking [20] . To test for reduced levels of variation, we analyzed single nucleotide polymorphism data from the 59 flanking, 39 flanking, and intron sequences of 305 human genes compiled from the Environmental Genome Project (http://www.niehs.nih.gov/envgenom/home.htm). This dataset was chosen because it represents the most extensive and consistently sampled database of human single nucleotide polymorphisms. The genes were sampled as being ''environmentally responsive,'' and are therefore not a random sample, but they show average levels of constraint in all regions similar to those of our sample of 1,000 hominid genes. The analysis revealed no reduction in diversity in the 59, 39, and intron 1 regions when compared to the levels of diversity in intron sequences outside first introns (Figure 3 ). In contrast, the level of diversity is significantly lower at nonsynonymous sites. To test the adaptive hypothesis further, we aligned the polymorphism dataset of 305 human genes against the chimpanzee genome sequence, measured divergence, and tested for adaptive evolution by an extension of the McDonald-Kreitman test [21] under the assumption that introns other than intron 1 are evolving neutrally (Table 3) . There was no evidence of adaptive evolution in these tests or in tests in which polymorphisms segregating at less than 10% were excluded-excluding rare polymorphisms has the effect of removing any slightly deleterious mutations that might be segregating in the 59, 39, and intron 1 sequences [22] . Interestingly the estimate of proportion of substitutions driven by adaptive evolution (a) was significantly negative for the 39 flanking region. This is likely due to the segregation of slightly deleterious mutations, which is consistent with the low but significant level of constraint we observed in this region.
Fixation of Mildly Deleterious Mutations
Two lines of evidence suggest that many mutations that affect gene expression may be under only weak purifying selection. First, sequences involved in gene regulation often appear to evolve rapidly [23] . Second, the rate of divergence in gene expression of primate genes is as fast as that of expressed pseudogenes [24] . These observations suggest another explanation for the low constraint in hominids: selection on mutations in the 59 and 39 flanking and intron 1 sequences that affect gene expression may be ineffective in hominids, since hominids have low effective population sizes (N e ). Based on polymorphism data and estimates of nucleotide mutation rates (u), estimates of human and chimpanzee N e are typically in the range 10,000-30,000 for nuclear sequences [25, 26, 27] , and this is likely to have been the case for much of their evolution, since the ancestral N e for both species is estimated to be approximately 20,000 [28] . Unfortunately, we have little data from murids with which to estimate effective population sizes. A recent survey of nucleotide diversity in Mus musculus domesticus yielded an estimate of 4N e u of 0.0054 [29] . Combining this with an estimate of the nucleotide mutation rate of [25] , we estimate N e for the house mouse to be between 450,000 and 810,000. The fate of a deleterious mutation depends on the product N e s; if N e jsj . 1, then the fixation probability for a deleterious mutation starts to become appreciable. Therefore, deleterious mutations, whose strength of selection falls within the range 1/N e (murids) , jsj , 1/N e (hominids), will tend to be removed by natural selection in murids, but can drift to fixation in hominids. Under the assumption that selection coefficients against deleterious mutations are equivalent in all taxa, the levels of selective constraint in noncoding DNA of murids and hominids imply that approximately 83%, 17%, and 0% of mutations in the first 2,000 bp of 59 flanking DNA and intron 1 have a strength of selection such that jsj , 1/N e (rodents), 1/ N e (rodents) , jsj , 1/N e (hominids) and jsj . 1/N e (hominids), respectively. For the the first 2,000 bp of 39 flanking DNA we estimate that about 81% of mutations have jsj , 1/N e (rodents), 12% are in the range 1/N e (rodents) , jsj , 1/N e (hominids) and 7% have jsj .1/N e (hominids). In contrast to noncoding DNA, the fraction of slightly deleterious mutations fixed in hominid coding sequences is quite low. Constraint estimates at second codon positions outside CpG-prone sites in hominids and murids are 0.750 6 0.016 and 0.900 6 0.0085, respectively. Taking into account sequencing errors in hominids, the predicted ''true'' constraint value in hominids is 0.84, and this implies that only about 6% of mutations are in the slightly deleterious class.
Gene Expression Divergence
The lower level of constraint in hominid 59, 39, and intron 1 sequences leads to a testable prediction about the evolution of gene expression. Since the flanking regions of genes contain a high concentration of cis-acting gene control sequences [4] , we expect gene expression to be evolving more rapidly in hominids than in murids, relative to the rate of neutral sequence evolution (i.e., the rate of mutation). To test this prediction, we used the microarray data of Enard et al. [30] , who examined gene expression profiles in brain and liver tissue for humans, chimpanzees, M. domesticus, and M. spretus. From an analysis of 3,801 orthologous genes across all four species, we found that levels of divergence in expression between human and chimp are very similar to levels of divergence in expression between the two mouse species (Table 4) . At the same time, the level of nucleotide divergence in introns, K i , between the two hominid species is about 55% that of the mouse species (Table 4) . Thus, when measured relative to the level of intron nucleotide divergence, the divergence in gene expression d is almost 1.8-fold higher in hominids than it is in murids. This acceleration is significant both for liver (hominid/murid ratio of d/K i , 1.71; 95% confidence interval, 1.46-2.12) and for brain (hominid/murid ratio of d/K i , 1.79; 95% confidence interval, 1.53-2.21).
As demonstrated in an analysis across different primate species, substantial increases in expression distances are still observed when going beyond the evolutionary distances examined here [30] . Thus, our finding of similar expression distances between the two species pairs cannot be due to expression distances reaching saturation. Because the Euclidean expression distances in Table 4 are of comparable magnitude, our conclusions are independent of the exact relationship between expression divergence and sequence divergence; similar results are obtained when using the mean squared gene-wise difference in log-expression (data not shown), as used, for example, by Khaitovich et al. [24] .
A potential source of error in this analysis is the use of microarrays designed for humans on chimpanzee samples, and of microarrays designed for M. musculus on M. spretus samples. Sequence differences between the species will lead to lower hybridization efficiencies in chimpanzee and M. spretus, and will consequently exaggerate expression distances. However, this problem will be more pronounced in the mouse comparisons, since sequence divergence between M. musculus and M. spretus is higher than between human and chimpanzee. Thus, this would bias our results towards higher rates of gene expression evolution in mice, making our test conservative.
Conclusion
The lack of conservation of regions containing expression control sequences demonstrated above is consistent with the observation that the vast majority of Mendelian genetic disease mutations are located in coding sequences [31] . Our results have a number of interesting repercussions. The virtual absence of constraint in 59 flanking regions and in 59 regions of first introns, in which the majority of mammalian gene expression control sequences are believed to reside [4] , implies that there has been widespread degradation of regions containing gene control sequences in hominids. We estimate that humans and chimpanzees have accumulated approximately 140,000 slightly deleterious mutations each, mutations that would have been eliminated by selection in murids. These mutations have small effects, since it can be inferred that they have selection coefficients less than 1/N e for hominids, i.e., less than 10 À4 . It should be noted that it is unlikely that the mutation accumulation is due to a recent relaxation of natural selection in humans due to an improvement in our living conditions [32] , since the time of this improvement is short relative the overall length of human evolution. We would not expect the decline in fitness to continue indefinitely, since the absolute strength of selection on new mutations, both advantageous and deleterious, may increase as fitness declines [33] . Furthermore, this accumulation of deleterious mutations may have been compensated in part by adaptive substitutions in gene expression control regions and elsewhere in the genome. We have also demonstrated that gene expression evolution is significantly accelerated in hominid brain and liver compared to the respective murid tissues. This result has important implications for theories of neutral gene expression evolution [24, 34] . First, our results are consistent with the view that most variation in gene expression level found between human alleles is neutral [30, 35, 36] . However, the difference in expression divergence, relative to nucleotide divergence, between hominid and murid genomes implies that the proportion of gene expression changes that are under natural selection varies between different lineages, and that many of the mutations that affect gene expression in murids may in fact be under selection. Consequently, the strict notion of a gene expression clock [24] , like the molecular clock, may only apply within closely related species. This is true irrespective of whether time is measured in units of sequence divergence (See Table 1 ) or in years: the divergence time between human and chimp is approximately 6 million years, while between M. musculus and M. spretus it is approximately 1.8 million years [24] , so the absolute rate of gene expression divergence is much slower in hominids than murids, whilst it is substantially faster compared to the rate of neutral sequence evolution. The importance of effective population size in influencing the organization and complexity of genomes has recently been highlighted [37] . Our findings support the idea that microevolutionary processes are also strongly influenced by population size, and are evidence for the nearly neutral model of molecular evolution [38] in mammalian genomes.
Materials and Methods
Sampling of hominid genomic sequences. DNA sequences of 1,000 annotated loci were compiled from the reference sequence (build 33) of the human genome. In a preliminary analysis of a smaller dataset, we determined that such a dataset of 1,000 loci would provide standard errors on constraint estimates of less than 2%. We randomly sampled loci by the criterion that each record contained the description of at least one mRNA. We extracted all exons, up to eight introns, including first, second, last, and second last introns, and up to 6 kb of intergenic DNA 59 and 39 from the start and stop codon, respectively. Intergenic DNA was extracted up to the midpoint between the sampled coding sequence and the start or stop codon of the following or preceding locus in the genomic contig. We extracted complete introns if they were less than 30 kb in length, otherwise the first and last 10 kb. For more than 80% of the hominid loci sampled, the 6-kb 59 region includes all annotated untranslated exons and introns.
We used reciprocal best-hits BLAST [39] to identify sequences orthologous to the human sequences in the reference assembly of the whole genome shotgun assembly of the chimpanzee genome. If a DNA segment exceeded 2 kb in length, this was subdivided into approximately 1-kb segments for analysis via BLAST. Sequences were aligned using MCALIGN [40] under a model of indel evolution appropriate to hominid intronic DNA. Parts of the chimp genome are of relatively low sequencing coverage, and errors in the assembly are expected. We therefore masked off sequence segments containing more than ten mismatches in a stretch of 100 bp and more than five mismatches in a stretch of 25 bp. Assuming independently distributed substitutions, the first level of nonhomology is expected almost never to appear by chance in our dataset, and the second level is expected to occur approximately four times in the approximately 27 Mb surveyed (see Table 1 ).
Sampling of murid sequences. Orthologous genes from 300 wellannotated loci were randomly sampled from the whole-genome assemblies of mouse and rat from GenBank. Loci were chosen for which annotation evidence included at least one complete mRNA sequence in both species. Further details of the sampling are given in [6] . Coding sequences, a sample of up to three introns (including first and last introns), and up to 6 kb of intergenic DNA 59 and 39 from the start and stop codon, respectively, were extracted from both species. Sequences were aligned by MCALIGN [40] using a model of indel evolution appropriate to rodent intronic DNA as described previously [6] .
Calculation of evolutionary constraint. We estimated selective constraints (C) for each of the above categories of sites by comparing the observed numbers of substitutions (O) with numbers expected (E) if substitution rates were equal to that of a class of putatively neutral sites. In this analysis, these putatively neutral sites were intronic sites excluding intronic splice control regions (bases 1-6 and 1-16 at the 59 and 39 ends, respectively) and first introns, since these show evidence of moderate selective constraint [6] . If the effect of higher substitution rates within the CpG dinucleotide context is removed, mean substitution rates in both murid and hominid lineages are somewhat higher at introns than at 4-fold degenerate sites ( [5] ; see Table 1 ); synonymous sites are believed to be under weak selection in mammals [1] . The level of evolutionary constraint for a specific category of sites in n loci is
[41]. Constraint was calculated excluding nucleotides preceded by C or followed by G. Such CpG-susceptible sites have a high probability of being part of a hypermutable CpG dinucleotide, which approach saturation between mouse and rat, and have multiple substitutions sufficiently frequently between human and chimp as to induce bias in estimating substitution rates. The mutation process at microsatellite loci differs radically from that for nucleotide substitutions, so these were excluded from the analysis [6] . A nonequilibrium model of base composition evolution was used to calculate E, as described previously [42] , assuming an equilibrium GC content of 0.4. For coding sequences, constraint was calculated for second positions of codons, where substitutions always lead to an amino acid change, using intronic sequences as the neutral reference. In noncoding DNA, constraint was calculated for blocks, typically of 500 bp, and averaged over loci using equation 1. Standard errors and confidence intervals were computed by bootstrapping over loci.
The number of slightly deleterious mutations fixed in hominids was calculated from the product of 25,000 (genes) 3 4,000 bp (of 59 and intron 1 sequence) 3 0.17 (difference in constraint between murids and hominids) 3 0.012/2 (human-chimp divergence/2) þ 25,000 (genes) 3 2,000 bp (of 39 sequence) 3 0.12 (difference in constraint between murids and hominids) 3 0.012/2 = 138,000.
Test of adaptive evolution. Single nucleotide polymorphism data for 335 genes were compiled from the Environmental Genome Project (http://www.niehs.nih.gov/envgenom/home.htm). Of these, 305 had more than two intron sequences, and were suitable for further analysis. The sequences were aligned against the chimpanzee genome sequence, as described above, and the number of substitutions estimated by counting the number of differences, with no correction made for multiple substitutions (humans and chimps are sufficiently close as to make corrections for multiple substitutions unnecessary, particularly when CpG dinucleotides are excluded). We only considered sites that were not preceded by C or followed by G to maintain consistency with the other analyses reported here. For each gene we calculated the numbers of 59 (or 39 or intron 1) substitutions (D n ) and polymorphisms (P n ), along with the equivalent figures for the other introns, which acted as our neutral standard (respectively D i and P i ). To test for adaptive evolution we estimated the proportion of substitutions that were driven by adaptive evolution using the method of Smith and Eyre-Walker [21] :
where L n and L i are the numbers of putatively selected and intron sites, respectively. Note that the number of sites appears in this formula because the number of sites for the polymorphism and divergence data are slightly different, since not all the sequence could be aligned against the chimpanzee genome. Figures for the divergence data are indicated by a prime. To obtain confidence limits for a, we bootstrapped the data by gene. Gene expression data. Affymetrix oligonucleotide microarray data for brain cortex and liver tissue samples from three individuals each of human, chimpanzee, M. musculus, and M. spretus were obtained from Enard et al. [30] . To have comparable data from all species, only the first replicate of each human and chimp was used. Raw hybridization intensities were converted to expression levels using the Affymetrix MAS5 function as implemented in the BioConductor package [43] , and then log 2 -transformed. The primate expression data were restricted to probe sets contained in both the HG-U95Av2 microarray (used for liver) and the HG-U95A microarray (used for cortex).
We restricted the expression analysis to orthologous genes as follows. From Ensembl (www.ensembl.org), we obtained a mapping of probe sets to Ensembl gene IDs, and a list of human-mouse orthologs. If more than one probe set matched the same Ensembl gene, we averaged expression levels over all probe sets for this gene. We retained only one-to-one orthologs (i.e., genes where human and mouse IDs uniquely match each other), further requiring that each sequence cover at least 70% of the other. Expression matrices for the individual experiments were scaled to the same mean. All mouse experiments (and, separately, all primate experiments) were then normalized relative to each other by means of a quantile normalization [44] . For each species/tissue combination, these normalized expression values were averaged over the three individuals, resulting in expression vectors for 3,801 genes orthologous between human and mouse.
Expression distances between species were calculated as Euclidean distances between expression vectors. Bootstrap analysis (resampling of genes; 1,000 datasets) was used to estimate standard errors (standard deviation of bootstrap distances) and confidence intervals (2.5% and 97.5% quantiles of bootstrap distances).
We compared expression differences to intronic nucleotide divergence levels calculated without correction for multiple substitutions, excluding CpG-prone sites as described above. We analyzed the complete 1,000 gene chimp-human intronic dataset described above and a dataset of 39 introns from 24 orthologous loci of M. spretus and M. domesticus, compiled from GenBank. In order to obtain confidence intervals for the ratio of expression divergence d over sequence divergence K i , we used a bootstrap analysis of 1,000 datasets, each combining d values obtained from resampling genes from the expression analyses, and K i values obtained from resampling genes from the divergence analyses.
